Titanium based coating films are generally used as the coating film. In this study, the thickness, hardness and scratch strength of TaWN and TaN/TaWN coated tools were measured. The substrate used was a cemented carbide ISO K10. The work piece used was a hardened steel AISI D2. This work piece was turned with the TaWN and the TaN/TaWN coated tools. The tool wear of the TaWN and TaN/TaWN coated tools was investigated. Furthermore, the TaN coated tool was also used. (1) Droplets on the surface of both the TaWN and TaN/TaWN coating films were negligible. (2) The hardness of the TaWN and TaN/TaWN was 2340 HV0.25N and 2630 HV0.25N, respectively. (3) The critical load of both the TaWN and TaN/TaWN coated tools was over 130 N. (4) The friction coefficient of the TaN/TaWN and TaN was 0.44 and 0.53, respectively. (5) The wear rate of the TaN/TaWN coated tool was slower than that of the TaN or TaWN coated tool.
Introduction
Many difficult-to-cut materials are widely used. For dimensional accuracy, these difficult-to-cut materials are required to be machined by the metal removal process (Tadahiro Wada et al., 2017) . It is necessary that the tool materials have good wear-resistance.
Polycrystalline cubic boron nitride compact (c-BN) seems to be an effective tool material (Tadahiro Wada et al., 2017) .
However, in turning at a high feed or a large depth of cut, a major tool failure of c-BN occurs by fracture. Coated tools seem to be effective tool materials (Tadahiro Wada et al., 2014) .
Titanium based films have been widely used as coating films (e.g., K. Sakagami et al., 1998 , H. Nakagawa et al., 2002 . R. Westergard, M. Bromark, M. Larsson, P. Hedenqvist, S. Hogmark, 1997 , reported that tantalum nitride coatings were deposited onto high-speed steel using reactive DC magnetron sputtering. And, the coating abrasive wear resistance was assessed by dimple grinding, the abrasive wear rates of the tantalum nitride coatings were small compared with the wear rate of the TiN coating. Maria Nordin et al., 1999 , reported that the highest abrasive wear resistance was found for single layered TaN and the lowest for TiN, too. The TaN has both high hardness and good adhesive strength, and can be used as a coating film of cutting tools (Tadahiro Wada et al., 2011) . And, in cutting the hardened steel using TaN and (Ti, Al)N coated tools, the wear rate of the TaN coated tool was almost equivalent to that of the (Ti, Al)N coated tool (Tadahiro Wada et al., 2011) . M. Nordin et al., 2000 , reported that in milling AISI 316 stainless steel the tool life of the TaN coated tool was longer than that of the TiN coated tool.
Adding Si (silicon), V (vanadium), C (carbon), etc. to the coating film is effective for improving the performance of the coating film and improving the cutting performance. M. Kathrein et al., 2005, reported The performance of the coating film and improving the cutting performance can be extended by the use of a multi-layer coating system (Maria Nordin et al., 1999 , M. Nordin et al., 2000 , M. Kathrein et al., 2005 , Yun Chena et al., 2016 , J.H. Hsieh et al., 1998 , A.A. Vereschaka et al., 2014 , Tsao Chung-Chen et al., 2002 , M. Nouari et al., 2006 , Q. Yang et al., 2015 . 
Experimental Procedures
The tool material of the substrate was ISO K10. The coating films used were TaN Cemented carbide ISO K10
The work piece used was AISI D2 hardened steel (60HRC). The inserts used were ISO TNGA160408. The turning tool holder used was MTGNR2525M16. The turning tests were conducted on a precision lathe. Table 3 shows the cutting conditions.
The friction coefficient was measured using a pin-on-disk tribometer (CSM Instruments).
The tip of the pin has a sphere of radius of 5 mm, and the diameter of the pin is 6 mm. In this case, the contact type is point/flat. The test conditions are shown in Table 4 . 
Results and Discussion

Conclusions
In this study, the thickness, hardness and scratch strength of TaWN 
